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Elevated salivary C-reactive protein predicted by low 
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african children
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abstract
Introduction: C-reactive protein (CRP) is a sensitive marker 
of systemic inflammation and is an independent risk factor 
for cardiovascular disease. The aim of the study was to exam-
ine the relationship between salivary CRP, cardio-respiratory 
fitness and body composition in a paediatric population.
Methods: This was a cross-sectional study of 170 black South 
African children (age 9.41 ± 1.55 years, 100 females, 70 males) 
in grades 3 to 7. Unstimulated whole saliva samples were 
obtained for the analysis of CRP. Height, mass, skin-fold thick-
ness, resting blood pressure, and waist and hip circumference 
measurements were obtained. Cardio-respiratory fitness 
was assessed using a 20-m multi-stage shuttle run. Children 
were classified as overweight/obese according to the Center 
for Disease Control and Prevention (CDC) body mass index 
(BMI) percentile ranking, and meeting percentage body fat 
recommendations, if percentage body fat was ≤ 25% in boys 
and ≤ 32% in girls. The cut-off point for low cardio-respira-
tory fitness was a predicted aerobic capacity value ≤ the 50th 
percentile for the group. Contributions of low cardio-respir-
atory fitness, overweight/obesity, and not meeting percentage 
body fat recommendations, to elevated salivary CRP (≥ 75th 
percentile) concentration and secretion rate were examined 
using binary logistic regression analysis with a backward 
stepwise selection technique based on likelihood ratios. 
Results: Poor cardio-respiratory fitness was independently 
associated with elevated salivary CRP concentration (OR 3.9, 
95% CI: 1.7–8.9, p = 0.001). Poor cardio-respiratory fitness 
(OR 2.7, 95% CI: 1.2–6.1, p = 0.02) and overweight/obesity 
(BMI ≥ 85th percentile) (OR 2.5, 95% CI: 1.1–5.9, p = 0.03) 
were independent predictors of elevated salivary CRP secre-
tion rate.
Conclusion: The results suggest a strong association between 
poor cardio-respiratory fitness and/or overweight/obesity 
and inflammatory status in children, based on elevated sali-
vary CRP levels. 
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Inflammation has been hypothesised as a potential mediator 
of the association between obesity, physical inactivity and the 
development of chronic diseases, such as cardiovascular disease 
(CVD), type 2 diabetes, depression and cancer.1 Low-grade 
systemic inflammation, a condition marked by a chronic two- 
to three-fold increase in circulating inflammatory markers,2 is 
considered important in the chronic disease process through 
promoting the development of insulin resistance, atherosclerosis, 
neurodegeneration, and tumour growth.3 Systemic C-reactive 
protein (CRP) is a sensitive marker of low-grade systemic 
inflammation and is an independent risk factor for CVD.4-6 It is 
therefore important to characterise the determinants of individual 
differences in inflammatory markers such as CRP.7 
The current worldwide pandemic of childhood obesity 
and low levels of cardio-respiratory fitness (CRF) makes the 
understanding of inflammation and interventions to reduce 
inflammation, important areas of research.8,9 Obese children 
have higher levels of systemic CRP compared to children of 
normal weight, suggesting that chronic low-grade systemic 
inflammation is an early complication of childhood obesity.8 In 
addition, elevated systemic CRP in young children is a risk factor 
for the development of the metabolic syndrome.9
Research has revealed an association between elevated 
systemic CRP and low CRF.10 By contrast, several studies show 
that systemic CRP is lowered by a reduction in visceral fat mass 
and/or increased physical activity or exercise.11,12 In healthy, 
pre-pubertal children, elevated CRF was shown to protect against 
low-grade inflammation.10 
There is limited research in this area in Africa, although a 
recent study of black South African adolescents reported a trend 
for increased levels of serum CRP in individuals with a higher 
percentage body fat.13 The study also found a negative correlation 
between fitness levels and serum CRP.13
However, the investigation of inflammatory levels is delayed 
by the lack of non-invasive methods to assess inflammation that 
would enable research in large representative populations and in 
children.7 The investigation of inflammatory biomarker levels are 
commonly measured in blood collected through venipuncture. 
However, venipuncture is an invasive procedure and requires 
skilled professionals, laboratory equipment and considerable 
financial resources.7 By contrast, saliva collection is non-invasive, 
stress- and pain-free and constitutes an alternative strategy to 
prospectively assess immune activity in large samples.7 
The measurement of biomarkers in saliva to examine 
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numerous clinical conditions has increased over the last 
decade.14,15 Recently, a high-sensitivity commercially available 
enzyme-linked immunoassay (ELISA) adapted to measure CRP 
in human saliva was validated against serum CRP.7 
The findings provided initial support for the use of salivary 
CRP as an alternative marker of inflammation, with a moderate-
to-strong association (r = 0.72, p < 0.001) between CRP measured 
in saliva and serum.7 In addition, salivary and plasma CRP were 
shown to be moderately correlated (r = 0.61) in females, and 
salivary CRP was able to discriminate between high and low 
levels of plasma CRP, using a clinically relevant cut-off point of 
3 mg/l.16 These results were consistent with strong correlations 
between saliva and serum CRP levels in earlier animal studies, 
specifically in pigs (r = 0.73),17 and in healthy and diseased dogs 
(r = 0.87 and r = 0.84, respectively).18 
In addition to being non-invasive, the assessment of CRP in 
the saliva allows data collection to take place in the participant’s 
natural environments (home and school). Furthermore, CRP in 
saliva is stable at room temperature for up to eight hours after 
collection, making the sampling of saliva outside of research 
facilities a viable option.7 Previous studies have also shown that 
serum CRP does not have a circadian rhythm19,20 and therefore 
saliva sampling aimed to measure salivary CRP does not require 
one to follow a standardised time-collection schedule to avoid 
diurnal variations.7
Recently, salivary CRP was shown to be a good measure of 
discrimination for the clinically relevant serum CRP cut-off point 
in adults.7 Participants with high salivary CRP levels were more 
likely to have higher IL-6 levels and body mass index (BMI) 
and to smoke, compared to participants with low salivary CRP 
levels.7 The results suggested that salivary CRP may represent 
an alternative marker of cardiovascular risk in adults,7 however 
the association with a major risk factor for the development of 
chronic diseases, low CRF,21 was not included in the analysis. 
There is limited research on the relationship between body 
composition, CRF and salivary CRP in adults and specifically 
in paediatric populations. The aim of this study was to examine 
the relationship between salivary CRP, body composition and 
cardio-respiratory variables in grade 3 to 7 children. 
Methods
One hundred and seventy black South African children (100 
females, 70 males) in grades 3 to 7 (age 9.41 ± 1.55 years) partici-
pated in the study. Participants were recruited from an urban, 
combined junior and senior primary school in Pietermaritzburg, 
KwaZulu-Natal. Gate-keeper permission to perform the study was 
obtained from the KwaZulu-Natal Department of Education, the 
school’s headmaster and governing body. The study was approved 
by the institution’s Biomedical Ethics Research Committee.
Once permission to continue was obtained, a meeting was 
held with parents/guardians and children to discuss the research 
details and expectations of the participants. Written informed 
consent was obtained at the meeting. 
The guardians/parents completed a medical history form 
that included sections on infectious, immune and salivary gland 
disorders. The parents/guardians were trained in the salivary 
collection procedure and were provided with instructions 
regarding brushing teeth and the intake of food and drink on the 
morning of the saliva collection. These standardised instructions 
are outlined below.
Saliva collection and C-reactive protein analysis
Each grade was tested on a separate morning over a week, 
starting with grade 3 on Monday and ending with grade 7 on 
Friday. Saliva samples were collected between 07:30 and 08:30, 
approximately 90 minutes after waking. 
The parents/guardians and children were requested to adhere 
as closely as possible to the following standardised saliva 
collection instructions (Salimetrics 2010): The children should 
(1) not eat a major meal (breakfast) within 60 minutes of sample 
collection, (2) not brush their teeth prior to sample collection 
(this may cause the gums to bleed causing blood contamination 
of the saliva), (3) avoid dairy products for 20 minutes before 
sample collection, (4) avoid foods with high sugar, acidity, or 
high caffeine content immediately before sample collection 
(these have all been shown to impact on the saliva pH, altering 
assay results), (5) rinse their mouths with water to remove 
food residue before sample collection, and swallow to increase 
hydration, and (6) wait at least 10 minutes after rinsing before 
collecting saliva to avoid sample dilution.
Upon arriving in the school hall at 07:00 the children sat for 
20 minutes. Based on completion of a short health questionnaire 
and interview with the researchers upon arrival, no participant 
reported symptoms suggesting that he/she was sick (e.g. fever, 
flu, diarrhoea) and there were no reports of ‘bleeding gums’ or 
‘tooth ache’ on the day of data collection. 
Saliva samples were collected via unstimulated passive drool 
over a time period of five minutes. While seated, the children 
were asked to lean slightly forward, tilt their heads down and 
accumulate saliva in the floor of the mouth for a minute, which 
was subsequently swallowed. Following this, there was a four-
minute collection where the children dribbled saliva through a 
5-cm plastic straw into a pre-weighed polypropylene cryovial (5 
ml capacity). Care was taken to allow saliva to dribble into the 
collecting tubes with minimal orofacial movement. 
After collection, the cryovial was weighed in order to 
determine the saliva flow rate. The concentration of salivary CRP 
was expressed as the secretion rate of salivary CRP (pg/min) 
or the total amount of salivary CRP appearing on the mucosal 
surface per unit time. Salivary CRP secretion rate was calculated 
by multiplying absolute salivary CRP concentration (pg/ml) by 
saliva flow rate (ml/min). This latter value was calculated by 
dividing the total volume of saliva obtained in each sample (ml) 
by the time taken to produce each sample (4 min).
Samples were placed on dry ice immediately and kept frozen 
until reaching the laboratory, upon which they were stored at 
–70oC until analysis. Salivary CRP concentration (pg/ml) was 
determined in duplicate by the salivary C-reactive protein ELISA 
kit (Salimetrics, State College, PA, USA). The coefficients of 
variation (CV) of all duplicate samples were less than 20%.
Body composition, cardiovascular and cardio-
respiratory fitness
These measures were determined after saliva collection. Body 
composition was assessed by measuring height and weight to 
calculate BMI, skinfold thickness to predict body fat percentage, 
and waist and hip circumferences to calculate waist-to-hip ratios. 
Height was measured to the nearest millimetre using a 
portable stadiometer (Nagata bw-1122h) and body mass was 
measured to the nearest 0.1 kg using a calibrated electronic 
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scale (Nagata bw-1122h). Participants were asked to remove 
footwear and only wore their school physical education outfit 
that included shorts and a short-sleeve T-shirt. 
Seated resting heart rate, measured to the nearest beat per 
minute (bpm). Resting blood pressure, measured to the nearest 
millimetre of mercury (mmHg) were recorded after a resting 
period of ten minutes. 
Body fat percentage was determined using the four-site 
skinfold method.22 Triceps, biceps, supra-iliac and sub-scapular 
skinfolds were measured on the right side of the body using 
Harpenden© (West Sussex, UK: Quality Measurement, Ltd) 
skinfold calipers. Each site was measured twice to the nearest 
millimetre and the mean value was recorded. Circumferences 
at the waist (narrowest part of the torso) and hip (level of 
maximum extension of the buttocks) were measured to the 
nearest millimetre with a tape measure and the waist-to-hip ratio 
was calculated.23 
CRF was assessed using the 20-m multi-stage shuttle run test 
that predicts an individual’s maximal aerobic capacity (VO2max).
24 
This test has been shown to be an appropriate predictor of CRF 
for the age groups participating in the study.25
Statistical analysis
The Shapiro-Wilk algorithm was used to assess whether the body 
composition, cardiovascular and CRF variables, and salivary 
CRP concentration and secretion rates demonstrated a normal 
distribution. Both salivary CRP concentration and secretion rate 
were found to have skewness and kurtosis and so the values were 
log transformed before analysis. 
Mean and standard deviations were calculated for the 
log-transformed CRP values as well as the demographic, body 
composition, cardiovascular and CRF variables. One-way 
ANOVA examined the differences in body composition, 
cardiovascular and CRF variables, and salivary CRP concentration 
and secretion rates by BMI categories. Tukey’s post hoc analysis 
was completed when appropriate.
Binary logistic regression was performed to determine the 
unadjusted and adjusted odds ratios for the prediction of elevated 
salivary CRP concentration and secretion rate by specific risk 
factors. The unadjusted odds ratio indicates the combined 
contribution of the three risk factors to elevated salivary CRP, 
while calculation of the adjusted odds ratio adjusts for the inter-
relationships between them. 
The choice of these risk factors was based on an a priori 
decision. The non-log transformed salivary CRP concentration 
and secretion rate data as well as the risk factors were divided 
into quartiles. The data for each child was then coded depending 
on whether they were positive or negative for the presence of 
each of the risk factors (defined below) and either positive or 
negative for the presence of a salivary CRP concentration or 
secretion rate ≥ 75th percentile. 
Elevated salivary CRP was entered as the dependant variable 
with the risk factors entered into the model as covariates, using 
the enter method (unadjusted odd ratios) backward stepwise 
selection technique (adjusted odds ratios), based on likelihood 
ratios with entry and exit probabilities set to 0.05 and 0.1, 
respectively. The risk factors selected included the following:
• Not meeting percentage body fat recommendations of ≤ 25% 
for boys and ≤ 32% for girls. The body fat recommendations 
are based on the Fitnessgram Health Fitness Zone standards 
for body composition.25
• Being overweight/obese: ≥ 85th percentile for BMI, which 
was calculated as mass (kg) divided by height (m) squared. 
Growth charts have been published by the Center for Disease 
Control and Prevention (CDC) for BMI in boys and girls, 
two to 20 years old. These charts are percentiles showing the 
distribution of BMI at a given age and can be used to identify 
children who are at risk of being overweight (BMI > 85th 
percentile) or obese (BMI > 95th percentile).25 According 
to these CDC BMI-for-age standards, the participants were 
grouped into the following CDC BMI-for-age categories: 
normal weight (< 85th percentile), overweight (≥ 85th 
percentile to < 95th percentile), and obese (≥ 95th percen-
tile).26 These cut-off points are unchanged from the 1998 
expert committee recommendations and CDC and Institute of 
Medicine recommendations.24
• Demonstrating poor CRF (≤ 50th percentile) for predicted 
VO2max: ≤ 24.66 ml/kg/min. There are currently no standard-
ised VO2max data that can be used to categorise the CRF of 
children.27 However, for the present study, the authors divided 
the VO2max data into quartiles and used VO2max values ≤ 50th 
percentile to represent poor CRF in the children.
Statistical analysis was performed using SAS (version 9.2, 
Research Triangle, NC, USA) and SPSS 19.0 (SPSS) software. 
Significance level was set at p < 0.05. 
results
Demographic, body composition, cardiovascular and CRF data 
and logged salivary CRP concentration and secretion rates for 
the children were divided according to three BMI categories 
(normal weight, overweight and obese). They are presented as 
means ± standard deviations. 
The outcomes of the one-way ANOVAs examining the 
differences by BMI categories are indicated in Table 1. There 
were significant differences in age (F = 3.37, df = 2, 167, p = 
0.037), height (F = 9.19, df = 2, 167, p < 0.001), mass (F = 
127.52, df = 2, 167, p < 0.001), BMI (F = 248.89, df = 2, 167, 
p < 0.001), body fat percentage (F = 185.14, df = 2, 167, p = 
0.001), systolic blood pressure (SBP) (F = 19.94, df = 2, 167, p < 
0.001), diastolic blood pressure (DBP) (F = 23.95, df = 2, 167, p 
< 0.001), VO2max (F = 17.76, df = 2, 167, p < 0.001), salivary CRP 
concentration (F = 5.89, df = 2, 167, p = 0.0034) and salivary 
CRP secretion rate (F = 5.90, df = 2, 167, p = 0.0033) between 
children of different BMI categories.
Tukey’s post hoc analyses revealed that obese children had 
significantly (p < 0.05) higher body fat percentages, SBP and 
DBP, as well as a significantly (p < 0.05) lower aerobic capacity 
(VO2max) than both normal weight and overweight children. In 
addition, there was a significant difference in salivary CRP 
concentration and salivary CRP flow rate between normal 
weight and obese children (p < 0.05). There were no significant 
differences between the normal versus overweight and overweight 
versus obese categories for salivary CRP concentration or 
secretion rate.
The non-log transformed salivary CRP concentrations ranged 
from 217.99 to 24562.94 pg/ml (median = 700.10 pg/min and 
interquartile range = 546.45–1372.14 pg/ml) and salivary CRP 
secretion rate ranged from 113.90 to 20694.28 pg/min (median 
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= 683.41 pg/min and interquartile range = 500.26–1276.29 pg/
min). These data were used in the binary logistic regression 
analysis (Table 2).
Table 2 describes the magnitude of the relationship 
(unadjusted and adjusted odds ratios) between the selected risk 
factors (BMI ≥ 85th percentile; body fat % ≥ 25% for boys 
and ≥ 32% for girls; VO2max ≤ 50th percentile) and elevated 
(defined as ≥ 75th percentile) salivary CRP concentration and 
secretion rate, calculated as ≥ 1372.14 pg/ml and ≥ 1276.39 
pg/min, respectively. Only a poor CRF (≤ 50th percentile) 
was independently associated with elevated salivary CRP 
concentrations (≥ 75th percentile, ≥ 1372.14 pg/ml) (OR 3.9, 
95% CI: 1.7–8.9, p = 0.001). However, both poor CRF (OR 
2.7, 95% CI: 1.2–6.1, p = 0.02) and overweight/obesity (BMI 
≥ 85th percentile) (OR 2.5, 95% CI: 1.1–5.9, p = 0.03) were 
independent predictors of elevated salivary CRP secretion rates 
(≥ 75th percentile, ≥ 1276.39 pg/ml).
discussion
The present study aimed to determine the relationship between 
salivary CRP, a non-invasive alternative marker of systemic 
inflammation, and body composition and/or CRF in black South 
African children. The main findings of this study were that poor 
CRF was an independent predictor of elevated salivary CRP 
concentration, while poor CRF and being overweight/obese 
were independent predictors of elevated salivary CRP secretion 
rate. The study suggests that both CRF and body composition 
are associated with elevated inflammatory status in black 
South African children and provides initial evidence that the 
measurement of salivary CRP may be a useful tool for examining 
the health status of children.
The study found that a normal BMI does not induce a state 
of inflammation as reflected by significantly lower salivary CRP 
concentration and secretion rates in normal weight compared 
to obese children. In addition, a normal weight was associated 
with a higher aerobic capacity (VO2max) and lower SBP and DBP 
compared to obesity. 
The binary logistic regression analysis indicated the magnitude 
of the relationship between the risk factors and inflammatory 
status of the children. The results demonstrated that the odds 
ratio for the association between poor CRF and elevated salivary 
CRP concentration in children was 3.9. However, the odds ratio 
for elevated salivary CRP secretion rate if the children had both 
poor CRF and were overweight/obese was 6.8 (2.7 × 2.5). 
These results are similar to previous research examining the 
relationship between serum CRP, CRF and body composition 
in Canadian children and young adults (6–24 years),23 and black 
South African children (13–18 years).13 The results for salivary 
CRP concentration is supported by a recent study demonstrating 
an inverse relationship between serum CRP levels and CRF that 
was independent of body composition and fat distribution.7 In 
addition, serum CRP concentrations in the overweight and obese 
categories were significantly higher in the low CRF category.7 
The results from the present study therefore seem to support 
the hypothesis that regular exercise or physical activity and/or 
decreased visceral fat mass decreases low-grade inflammation.1,6,11 
The present results, together with the recent finding that 
salivary CRP is a good measure of discrimination for the 
clinically relevant serum CRP cut-off point in adults,7,16 
suggest that salivary CRP could be used as an alternative 
marker of cardiovascular or chronic disease risk in children. 
However, research is required to establish the relevance and cost 
effectiveness of this inflammatory marker in clinical practice. 
In future, the determination of a clinically relevant index 
of salivary CRP may facilitate the prospective measurements 
of CRP levels in large epidemiological samples and contribute 
to understanding the mechanisms by which inflammation may 
be associated with the development of chronic disease in 
children. In addition, a clinically relevant index of salivary 
CRP may also be integrated into a broader multi-systemic 
TABLE 1. DEMOGRAPHIC, BODY COMPOSITION, CRF 
DATA FOR NORMAL WEIGHT, OVERWEIGHT AND OBESE 
CHILDREN. VALUES ARE MEAN ± STANDARD DEVIATION
Normal  
(n = 93)
(males 38; 
females 55)
Overweight  
(n = 24)
(males 8; 
females 16)
Obese  
(n =53)
(males 24; 
females 29)
Age (years) 9.71 (1.84) 9.25 (1.67)* 9.55 (1.63)
Height (cm) 137.12 (12.10) 137.75 (11.59) 140.75 (9.73)#
Mass (kg) 32.24 (7.68)** 37.90 (9.09)** 52.49 (13.68)**
BMI (kg/m2) 16.88 (1.50)** 19.64 (1.49)** 26.17 (5.03)**
Waist–hip ratio 0.77 (0.04) 0.79 (0.05) 0.83 (0.06)
Body fat (%) 19.39 (5.03)** 27.81 (5.02)** 36.42 (7.10)**
Resting HR (bpm) 85.96 (13.64) 84.54 (10.80) 85.57(13.53)
SBP (mmHg) 94.62 (11.99) 94.08 (7.63) 105.65 (12.06)#
DBP (mmHg) 62.25 (12.18) 62.67 (5.77) 72.55 (10.40)#
VO2max (ml/kg/min) 28.61 (5.45) 25.02 (3.89) 22.72 (3.28)
#
Salivary CRP (pg/ml) 6.77 (0.92) 6.85 (0.85) 7.31 (0.93)&
Salivary CRP (pg/min) 6.68 (0.98) 6.79 (0.75) 7.25 (0.99)&
*p < 0.05 for overweight vs normal weight; 
**p < 0.001 for all weight categories different from each other;
#p < 0.05 for obese vs normal weight and overweight; 
&p < 0.05 for obese vs normal weight.
TABLE 2. UNADJUSTED AND ADJUSTED RISK FACTORS FOR ELEVATED SALIVARY CRP IN CHILDREN
Risk factor
% of children with elevated 
salivary CRP and risk 
factor present (%)
% of children with elevated 
salivary CRP and risk 
factor absent (%)
Unadjusted odds 
ratio (95% CI)
Adjusted odds 
ratio (95% CI) p-value
Salivary CRP concentration
  VO2max ≤ 50th percentile 35.3 12.3 3.9 (1.7–8.9) 3.9 (1.7–8.9) 0.001
  BMI ≥ 85th percentile 30.6 17.8 2.0 (1.0–4.3) 1.0 (0.3–3.2) 0.944
   Body fat (%) ≥ 25% for boys and ≥ 32% for girls 34.3 17.0 2.5 (1.2–5.3) 1.7 (0.7–3.7) 0.221
Salivary CRP secretion rate
  VO2max ≤ 50th percentile 34.5 13.5 3.4 (1.2–7.5) 2.7 (1.2–6.1) 0.02
  BMI ≥ 85th percentile 34.1 13.7 3.3 (1.5–7.3) 2.5 (1.1–5.9) 0.03
   Body fat (%) ≥ 25% for boys and ≥ 32% for girls 37.1 14.8 3.4 (1.6–7.3) 1.8 (0.6–5.5) 0.40
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non-invasive characterisation of chronic disease risk in children, 
together with other salivary biomarkers (e.g. cortisol, α-amylase, 
dehydroepiandrosterone) and BMI, CRF and percentage body fat. 
There are a number of limitations that may have influenced 
the salivary CRP measurements in our study. Although salivary 
flow rate was controlled for, blood contamination, saliva pH, and 
health condition of the children’s gums were not determined using 
standardised methods. Specifically, a competitive immunoassay 
to quantify the presence of transferrin should be used to 
determine blood contamination of saliva,7 while saliva pH should 
be determined using calibrators with a known pH.7 It is possible 
that the determination of salivary CRP could be contaminated by 
small blood leakages or crevicular fluid overflow due to micro-
injuries or in participants with poor oral health, as well as local 
inflammatory processes, which may elevate salivary CRP levels.7 
However, in an attempt to reduce the impact of these 
confounding variables, clear instructions were provided to the 
parents as well as the participants regarding brushing teeth as 
well as dietary and hydration practices prior to saliva collection. 
It is recommended that future studies should include a complete 
oral health examination as part of the participant’s health 
assessment to eliminate the possibility that bucco-dental features 
trigger high CRP levels in saliva in the absence of elevations in 
the serum.7 
Related to the issue of oral health in the children and the possible 
existence of periodontitis, a link was recently found between 
periodontitis, systemic inflammation and CVD.28 Specifically, 
it was found that intensive periodontal therapy reduced local as 
well as systemic reductions in inflammation, which correlated 
with an improvement in endothelial functioning.28 This finding 
suggests that children with a high CRF and normal weight may 
still have elevated serum/salivary CRP levels (systemic/local 
inflammation) and be at risk for developing chronic disease, if 
they have poor oral health.
Conclusion
The study provides initial support for a possible association 
between poor CRF and/or overweight/obesity and inflammatory 
status in children, based on elevated salivary CRP levels. Saliva 
sampling is non-invasive, stress-free, can easily be performed 
in a participant’s natural setting and can be repeated over time. 
Furthermore, saliva collection has considerable economic and 
logistic advantages over venipuncture because it does not require 
immediate manipulations, access to specialised laboratory 
equipment and qualified personnel. 
Replication of the study with larger samples is required 
together with longitudinal follow up of clinical outcomes. 
This may contribute to a better understanding of the pathways 
mediating the development and treatment of inflammation and 
chronic disease in children and subsequently adults.
The authors thank Miss Melissa Naidoo for her technical assistance.
References
1. Walsh NP, Gleeson M, Shephard RJ, et al. Position statement. Part one: 
Immune function and exercise. Exerc Immunol Rev 2011; 17: 6–63.
2. Arikawa AY, Thomas W, Schmitz KH, Kurzer MS. Sixteen weeks of 
exercise reduces C-reactive protein levels in young women. Med Sci 
Sports Exerc 2011; 43(6): 1002–1009.
3. Handschin C, Spiegelman B. The role of exercise and PGC1alpha in 
inflammation and chronic disease. Nature 2008; 454: 463–469.
4. Fortmann SP, Ford E, Criqui MH, et al. CDC/AHA Workshop on mark-
ers of inflammation and cardiovascular disease: Application to clinical 
and public health practice: Report from the population science discus-
sion group. Circulation 2004; 110(25): e554–559.
5. Hubacek J, Peasey A, Pikhart H, Bobak M. APOE polymorphism and 
its effect on plasma C-reactive protein levels in a large general popula-
tion sample. Hum Immunol 2010; 71(3): 304–308.
6. Mathur N, Pedersen B. Exercise as a means to control low-grade 
systemic inflammation. Mediators Inflamm 2008: ID 109502. doi: 
10.1155/2008/10950.
7. Ouellet-Morin I, Danese A, Williams B, Arseneault L. Validation of 
a high-sensitivity assay for C-reactive protein in human saliva. Brain 
Behav Immun 2011; 25: 640–646.
8. Parrett AL, Valentine RJ, Arngri’msson SA, Castelli DM, Evans EM. 
Adiposity, activity, fitness, and C-reactive protein in children. Med Sci 
Sports Exerc 2010; 42(11): 1981–1986.
9. Siegrist M, Hanssen H, Lammel C, Haller B, Halle M. A cluster 
randomised school-based lifestyle intervention programme for the 
prevention of childhood obesity and related early cardiovascular 
disease (JuvenTUM 3). BMC Public Health 2011; 11(258): 1–10. doi: 
10.1186/1471-2458-11-258.
10. Christodoulos AD, Douda HT, Tokmakidis SP. Cardiorespiratory 
fitness, metabolic risk and inflammation in children. Int J Pediatr 2012; 
2012; ID 270515. doi: 10-1155/2012/270515.
11. Petersen AM, Pedersen BK. The anti-inflammatory effect of exercise. J 
Appl Physiol 2005; 98: 1154–1162.
12. Brandt C, Pedersen BK. The role of exercise-induced myokines in 
muscle homeostasis and the defense against chronic diseases. J Biomed 
Biotechnol 2010; ID 520258. doi: 10.1155/2010/520258.
13. Harmse B, Kruger HS. Significant differences between serum CRP 
levels in children in different categories of physical activity: the PLAY 
study. Cardiovasc J Afr 2010; 21(6): 316–322.
14. Christodoulides N, Mohanty S, Miller CS, Langub MC, Floriano PN, 
Dharshan P. Application of microchip assay system for the measure-
ment of C-reactive protein in human saliva. Lab Chip 2005; 5: 261–269.
15. Lee Y, Wong D. Saliva: An emerging biofluid for early detection of 
diseases. Am J Dent 2009; 22(4): 241–248.
16. Out D, Hall RJ, Granger DA, Page GG, Woods SJ. Assessing salivary 
C-reactive protein: Longitudinal associations with systemic inflam-
mation and cardiovascular disease risk in women exposed to intimate 
partner violence. Brain Behav Immun 2012; 26: 543–551.
17. Gutierrez AM, Martı´nez-Subiela S, Eckersall PD, Cero´n JJ. C-reactive 
protein quantification in porcine saliva: A minimally invasive test for 
pig health monitoring. Vet J 2009; 181: 261–265.
18. Parra MD, Tecles F, Martinez-Subiela S, Ceron JJ. C-reactive protein 
measurements in canine saliva. J Vet Diagn Invest 2005; 17: 139–144.
19. Pearson TA, Mensah GA, Alexander RW, et al. Markers of inflamma-
tion and cardiovascular disease: application to clinical and public health 
practice: A statement for healthcare professionals from the Centers for 
Disease Control and Prevention and the American Heart Association. 
Circulation 2003; 107(3): 499–511.
20. Pepys MB, Hirschfield GM. C-reactive protein: a critical update. J Clin 
Inv 2003; 111: 1805–1812.
21. Blair SN. Physical inactivity: the biggest public health problem of the 
21st Century. Br J Sports Med 2009; 43: 1–2.
22. Deurenberg P, Pieters J, Hautvast J. The assessment of the body fat 
percentage by skinfold thickness measurements in childhood and young 
adolescence. Br J Nutr 1990; 63: 293–303.
23. Isasi CR, Deckelbaum RJ, Tracy RP, Starc TJ, Berglund L, Shea S. 
Physical fitness and C-reactive protein level in children and young 
adults: The Columbia University BioMarkers Study. Pediatrics 2003: 
111; 332.
24. Ledger LA, Lambert J. A maximal multistage 20-m shuttle run test to 
predict VO2max. Eur J Appl Physiol 1982; 49: 1–12.
25. Tomkinson GR, Léger LA, Olds TS, Cazorla G. Secular trends in the 
performance of children and adolescents (1980–2000): An analysis of 
55 studies of the 20-m shuttle run test in 11 countries. Sports Med 2003; 
33(4): 285–300.
CARDIOVASCULAR JOURNAL OF AFRICA • Vol 23, No 9, October 2012506 AFRICA
26. Ogden VL, Flegal KM. Changes in terminology for childhood over-
weight and obesity. National health statistics reports, 2010. National 
Center for Health Statistics.
27. Meredith M, Welk G. FITNESSGRAM/ACTIVITYGRAM: Test 
Administration Manual. Illinois, USA: Human Kinetics, 2005.
28. Tonetti MS, D’Aiuto F, Nibali L, Donald A, Storry C, Parkar Mea. 
Treatment of periodontitis and endothelial function. N Engl J Med 
2007; 9(356): 911–920.
www.pascar.co.za 
www.sosecar.org 
Contact :  
BP : 6003 Dakar  
Tél : (221) 33 821 55 21  
        (221) 33 889 38 00 Poste : 3900 
Fax : (221) 33 822 47 46 
Mail: cardiodantec@orange.sn  
DAKAR 
the Cardiovascular Journal of Africa will be publishing the 
conference proceedings and abstracts of the 11th paSCar 
congress and 4th all-africa conference of the pan-african Society 
of Cardiology as a supplement to the May issue of the journal. 
to register for our e-alert system, visit our website on www.cvja.co.za 
For further information on our events, including conference promotions, 
contact wendy@clinicscardive.com
AFRICA
